Congenital anomalies is one of the main causes of physical disabilities, stillbirths and neonatal deaths. The exact etiology of most congenital anomalies is unidentified but genetic and environmental causes are accused.
Introduction
Congenital anomaly has been defined according to the World Health Organization as any morphological, functional, biochemical or molecular defects that may develop in the embryo and fetus from conception until birth, whether detected at birth or later [1] . Approximately 3 million fetuses and infants are born each year with major malformations [2] . The prevalence of congenital and genetic disorders in infants and young children in Egypt ranges from 2.8% in urban areas to 8.4% in rural areas [3] .
The causes of congenital anomalies are divided into single gene defects, chromosomal aberrations, multifactorial disorders, teratogenic factors and those of unknown etiology. Even with the great advances in genetics over the last decade, the etiology of more than 50% of malformations is still unknown [4] . Approximately 2-3% of neonates have a single major malformation, and 0.7% has multiple major defects [5] .
Structural anomalies can be classified into anomalies that are due to abnormal tissue development (malformation and dysplasia) and others which arise after tissue development (deformation and disruption) [6] . The anomalies which affect an infant's life expectancy, health status, physical or social functioning may be described as ''major" anomalies. In contrast, minor anomalies are
Aim of the work
To study congenital anomalies as regards their frequency, clinical pattern, nature and the linked risk factors as well as to integrate an approach to reach a diagnosis of a dysmorphic child.
Patient and methods
The current study is a cross-sectional study which was conducted on 100 infants and children with congenital anomalies who attended our pediatric genetics clinic or admitted in the pediatric department-Menoufia university hospital from October 2016 to October 2017. Their ages ranged from 1 day to 12 years .
The cases were classified according to the guidelines for case classification for the national birth defects prevention study, 2003 [7] into cases with major anomalies and cases with minor anomalies with some cases having both. The anomalies also were classified according to the affected system according to the International Statistical Classification of Diseases and Related Health Problems, 10th version, for 2007 [8] . Also cases were classified into cases with single anomalies and cases with multiple anomalies which were further exposed to categorization according to their pattern trying to reach a diagnosis. Down syndrome was excluded to avoid high figures of chromosomal abnormalities.
After taking written informed consent of parents of affected children. The work has been carried out in accordance to the code of Ethics of the World Medical Association (Declaration of Helsinki For Experiments in Humans). Detailed history was taken regarding gender, gestational age, residence, maternal and paternal age at the time of conception, history of maternal illness or drug intake, maternal exposure to infections or teratogens, smoking (passive or active), folic acid supplementation, mode of delivery, history of previous abortions or stillbirths and obstetric complications. Three generation family pedigree was constructed for each case.
Physical characteristics were reported including the general appearance, body shape and size, craniofacial examination, neck examination as regards length, webbing and neck swelling and examination of extremities regarding symmetry, shortening of limbs and abnormalities of the fingers and toes. Anthropometric measures including internipple distance & internipple index were taken. Craniofacial anthropometric measures were taken including horizontal measures (head circumference, head length, head breadth, intercanthal distance, interpupillary distance, outer canthal distance, palpebral fissure length, philtrum width and commissural distance) and vertical measures (ear length, nose length, philtrum length, lower lip to chin). These measures were interpreted according to charts for craniofacial anthropometry [9, 10] . Photographs were taken to document the dysmorphic features and the parents gave their approval for the publication of these photographic materials.
Investigations were asked including TORCH screening, abdomino-pelvic ultrasound and echocardiography for all cases and specific imaging studies as indicated for each case such as skeletal survey, C.T skull and MRI brain. Karyotyping was done for cases with multiple anomalies. Also Intelligent Quotient test was asked as indicated.
Cases with multiple anomalies were diagnosed by comparison with known cases indicated by the diagnostic search engine databases e.g. OMIM, Face2gene library and Genetic Home Reference. Results were analyzed by descriptive statistical techniques recording the number and percentage of the studied variables.
Results
We had studied 100 cases whose ages ranged from 1 day to 12 years. They were 54 males and 46 females. Demographic data revealed that regarding gestational age, 88% were full terms, 12% were preterms. As regards maternal age parameters, 71% of mothers were between 20 and 35 years, 23% were above 35 years and only 6% were below 20 years. History of consanguinity was Table 1 Classification of the cases according to the provisional diagnosis. Seckel syndrome (n = 4) Treacher Collins syndrome (n = 1) Kartagener syndrome (n = 1) Caudal regression syndrome (n = 1) Apert syndrome (n = 2) Arnold chiari malformation (n = 1) Noonan syndrome (n = 1) Rubinstien Taybi syndrome (n = 1) Achondroplasia (n = 3) Osteogenesis imperfecta (n = 1) VACTERL association (n = 2) Meningomyelocele sequence (n = 2) Acrorenal polytopic developmental field (n = 2)
Cases who have anomalies whose combination cannot be categorized into syndrome, association, sequence or developmental field defects and karyotyping was normal positive in 43% of couples. As regards maternal and obstetric history, 56% of neonates were delivered by caesarean section while 44% by the vaginal route. Besides, 10% of the mothers have chronic diseases in the form of diabetes mellitus, hypothyroidism. Folic acid supplementation was not received by 41% of the mothers. According to the International Statistical Classification of Diseases and Related Health Problems, 10th version, for 2007, 48% of cases had musculoskeletal anomalies followed by 44% had anomalies of the eye, ear, face and neck, followed by nervous system anomalies in 26%, circulatory system anomalies in 22%, genital organs anomalies in 18%, urinary system anomalies in 12%, chromosomal abnormalities in 7%, cleft lip and cleft palate in 6% and the gastrointestinal anomalies in only 4% of cases.
According to the guidelines for case classification for the national birth defects prevention study, 2003, 51% of the cases had major anomalies, 18% had minor anomalies while 31% had both. According to their provisional diagnosis cases were classified where 51% have single anomalies, 49% have multiple anomalies, of which, 7 cases about 14.2% had chromosomal abnormalities, 22 cases about 44.8% were diagnosed as known genetic syndromes, associations, sequences and developmental field defects, while we did not reach the final diagnosis in 20 cases about 40.8% (Table 1 ). Physical description of diagnosed cases was summarized in (Tables 2 and 3 ). Photographs of some of these cases are shown in (Figs. 1-3).
Discussion
This study was carried out on 100 infants and children who have congenital anomalies. We found that the rate of CMs outnumbered in males 54% compared to females 46% which was consistent with the results of other studies [1] . On the other hand Abdi-Rad et al. reported a higher occurrences of congenital anomalies was found among women. In females 1.99%, in males 1.68% but with non-statistically significant difference [11] . Another study showed that there is no significant association between gender of the babies and the development of congenital anomalies [12] .
In the current study the full terms represented 88%, while the preterm ones represented 12%. Other studies showed a high occurrence of birth defects among premature infants and /or those of low birth weight [13, 14] . Our finding could be explained that the age of the cases ranged between 1 day to 12 years not limited to newborns and the full terms are naturally selected.
Maternal age is an important parameter in the birth of a child with congenital malformation [15] . In our study, it was found that a high occurrence of congenital abnormality was found among women who are between 20 and 35 years of age about 71%. Our study agreed with other literature which noted that high pregnancy rates among mothers in this age range could account for increased frequency of congenital anomalies [16] . Other studies reported an incidence of 6.1% in mothers with age >30 years and the incidence of 8.7% in older mothers [17, 18] .
Consanguinity is considered a controversial association with CMs. In our study history of consanguinity was positive in 43% of couples. This is consistent with an Egyptian study, which reported that consanguinity was significantly associated with the presence of congenital anomalies 3.67% compared with control populations 1.15% [19] .
About the mode of delivery, CS dominance 56% was noted among our patients. A significantly higher frequency of congenital anomalies in neonates delivered by CS than the control population 54.4% versus 29.7% was also documented [20] . This could be contributed to that the rate of cesarean section has been increased in the last years [21] . The other probable explanation could be its fetal indication due to prenatal diagnosis of CM [22] . However, another study demonstrated no association between the frequency of congenital anomalies and the route of delivery [2] .
Folic acid supplementation has been proven to decrease or minimize specific birth defects [23] . In our study, we found that 41% of the mothers of our cases were receiving folic acid supplementation during pregnancy compared to the higher percentage 59% that was not. This goes with a study done by Shawky and Sadik which reported that only 27.5% of mothers of patients with CMs received folic acid or multivitamin which is significantly lower than that in the controls [2] .
As regards the affected systems, it was found that musculoskeletal anomalies were the most common followed by craniofacial anomalies and nervous system anomalies. This is in accordance with a study which showed that the most common system involved was musculoskeletal system 33.2% [24] . Another study recorded higher incidence of CNS 30.2% malformations followed by GIT 15.2% and musculoskeletal system 10.4% [25] . These variations between different studies could be explained by the effect of different racial, ethnic and social factors in various parts of the world or different geographical, nutritional, socioeconomic factors and variations in the criteria of diagnosis and the basis of classification [26] . Gastrointestinal malformation was found to be the most common single system abnormality detected by Sawardekar, although in his study orofacial clefts (cleft lip and/or palate) were included in the GIT malformations [27] .
According to the guidelines for case classification for the national birth defects prevention study, 2003, 51% of the cases had major anomalies, 18% had minor anomalies while 31% had both. The importance of this classification is to predict the prognosis, determine intervention and its urgency and expect the long term functioning of the child.
The causes of congenital malformations are divided into four broad categories, genetics, environmental, multifactorial and unknown. The genetic cause is considered to be responsible for as many as 10-30% of all birth defects, environmental factors in 5-10%, multifactorial inheritance in 20-35% and unknown causes were responsible for 30-45% of cases [28] . Our study showed that single anomalies represented 51% whereas multiple anomalies constituted 49% of which 14.2% have chromosomal abnormalities, 32.6% have clinically diagnosed genetic syndromes, 12.2% were categorized as associations, sequences & developmental field defects and 40.8% cannot be diagnosed. A study done in Egypt on the etiology of multiple CMs, multiple anomalies constituted 21.4%, genetic syndromes 31% and 47.6% were due to unknown causes [29] .
With the increasing identification of the genetic causation of disease, reaching a provisional clinical diagnosis allows a more targeted search for a genetic etiology. Making a diagnosis allows early and proper intervention for the disease or its complications, allows the parents to search for and join a 'support group' and interact with other parents with children having the same or similar problems and also allows providing genetic counseling [30] .
Genetic counseling is a communication process of providing individuals and families with information on the nature, inheritance and implications of genetic disorders, including recurrence risks, to help them make informed medical and personal decisions [31] . In this study, the recurrence risk was demonstrated. For cases with structural chromosomal aberrations (visible deletion and unbalanced translocation), parental karyotype was ordered which was normal so the recurrence risk was demonstrated to be low. For cases with autosomal dominant disorders as Achondroplasia, Apert syndrome and Treacher Collin syndrome and Noonan syndrome, it seemed that they mostly are fresh mutations because the parents were normal and that the risk of the single mutated gene to be passed to a given offspring was 50%, yet the risk of severe disease was less than 50% because of variation in expression. For cases with autosomal recessive disorders as Seckel syndrome and Kartagner syndrome, it was demonstrated that the likelihood of recurrence increases with the consanguineous marriage. For some cases which are mostly of multifactorial inheritance the recurrence risk was nearly similar to that found by Jones et al. who showed that recurrence risk for cleft lip with or without cleft palate is 4-5%, for cleft palate alone is 2-6% and for meningomyelocele is 3-5% [32].
Conclusion
CMs are not uncommon in our community with the musculoskeletal anomalies were the most common in our study. Male gender, positive consanguinity, lack of folic acid supplementation were the associated risk factors. Proper physical examination, special charts for craniofacial anthropometry, knowledge about the incidence and pattern of congenital a anomalies, prenatal diagnosis and family counseling are important .lines to plan preventive strategies at different levels by healthcare providers.
